Several studies have documented that 18 F-FDG PET is more accurate than CT for assessment of tumor response to chemotherapy in patients with Hodgkin's lymphoma (HL) and high-grade (aggressive) non-Hodgkin's lymphoma (NHL) (1, 2) . On the basis of these data, the International Workshop Criteria for assessment of tumor response in NHL have recently been revised to include 18 F-FDG PET (3) . A complete response (CR) is now based primarily on the findings on 18 F-FDG PET. Patients with a residual mass of any size on CT are considered to be in CR as long as the mass is negative on 18 F-FDG PET. Visual assessment has been found to be sufficient to assess tumor response on See page 1626 18 F-FDG PET after completion of therapy. To standardize interpretation of 18 F-FDG PET scans and to reduce the frequency of false-positive findings, the intensity of tumor 18 F-FDG uptake is compared with mediastinal blood pool (4) . Regardless of their location, lesions are considered as ''PET positive'' only when their intensity is higher than that of mediastinal blood pool. An exception is made for lesions with a diameter of ,2 cm. Because partial-volume effects in lesions of this size cause 18 F-FDG uptake to be underestimated on PET, any focal 18 F-FDG uptake above background is considered positive. In addition to these guidelines for image interpretation, the timing of 18 F-FDG PET scans has been standardized. It is recommended that 18 F-FDG PET be performed not earlier than 3 wk after completion of chemotherapy or chemoimmunotherapy and not earlier than 8-12 wk after completion of radiotherapy or chemoradiotherapy (4) .
Although the use of 18 F-FDG PET for assessment of tumor response after completion of therapy is well established in HL and aggressive NHL, more recent studies have indicated that 18 F-FDG PET may also allow prediction of tumor response and patient outcome early in the course of therapy-that is, after 1 or 2 cycles of chemotherapy (5) (6) (7) (8) (9) (10) (11) (12) . The ability to predict tumor response early in the course of therapy would be very valuable clinically, as it would allow intensification of treatment in patients who are unlikely to respond to first-line chemotherapy. Conversely, treatment could potentially be shortened in patients who show a favorable response after 1 or 2 cycles of chemotherapy. This is of particular interest in HL, as chemotherapy combined with radiotherapy can cure most of the patients with HL, but it also puts them at increased risk for secondary malignancies and other serious longterm complications, such as infertility and cardiopulmonary toxicity. Therefore, there is great interest in using an early tumor response on 18 F-FDG PET for risk-adapted therapy of HL and aggressive NHL (13, 14) .
Several studies have now indicated that patients with HL or aggressive NHL and a ''negative'' PET scan after 2 cycles of chemotherapy are much more likely to remain event-free than patients with a ''positive'' scan. For example, Hutchings et al. (11) found that 2-y progression-free survival of patients with HL and a positive PET scan after 2 cycles of chemotherapy was 0%, whereas it was 96% in patients with a negative scan (P , 0.001). In aggressive NHL, Spaepen et al. (6) reported a 2-y progression-free survival of 4% in patients with a positive scan as compared with 85% in patients with a negative scan (P , 0.001). These data indicate that, in the hands of experienced investigators, visual assessment of tumor response provides a remarkably high accuracy for prediction of patient outcome.
However, visual assessment of tumor response to therapy is not without problems. In the studies reported so far, the positive predictive value (PPV) and negative predictive value (NPV) of early 18 F-FDG PET for progressionfree survival are quite variable. Data for PPVs range from 44% to 100% (5) (6) (7) (8) (9) (10) (11) (12) 15) . Conversely, NPVs ranging from 50% to 100% have been reported. Part of this wide variability is explained by differences in the patient populations. For example, in aggressive NHL, Haioun et al. (9) reported that the PPV of 18 F-FDG PET for tumor progression is only 44%, whereas the PPV was 71% in a study by Mikhaeel et al. (15) . However, this difference in the PPV is likely explained by the overall frequency of tumor progression. In the study by Haioun et al., only 23% of the patients experienced tumor progression during the observation period, whereas the frequency of tumor progression was 40% (15) in the study by Mikhaeel et al. This almost 2 times higher pretest probability of recurrence resulted in the higher PPV of 18 F-FDG PET in the study by Mikhaeel et al., as sensitivity and specificity of 18 F-FDG PET for prediction of tumor progression were quite comparable in both studies.
Differences in the studied patient populations explain some, but not all, of the variability of the predictive value of early 18 F-FDG PET. Sensitivity and specificity for prediction of progression-free survival also show considerable variability, although these 2 parameters are not dependent on the pretest probability of disease progression. For example, Torizuka et al. (8) reported a sensitivity and specificity of 18 F-FDG PET of 87% and 50%, respectively. In contrast, Jerusalem et al. (5) found a sensitivity of only 42% but a specificity of 100%. This suggests that criteria for interpreting PET scans as positive or negative might have varied among different studies. Most articles describe only briefly how scans were interpreted, but it is clear that some studies used any abnormal 18 F-FDG uptake as a criterion for a positive scan, whereas others compared the intensity of uptake with normal tissues and considered only lesions with a certain degree of uptake as positive. All of these issues raise concerns with regard to the interobserver variability of response assessment, especially when PET scans are read by physicians with limited experience in PET.
The International Workshop Criteria (4) now provide clear guidelines for scan interpretation, but these guidelines were developed for interpreting 18 F-FDG PET scans after completion of therapynot after 1 or 2 cycles of chemotherapy. Accordingly, they basically describe normalization or almost complete normalization of the 18 F-FDG PET scan. However, one might expect that at least some patients with a negative scan after completion of chemotherapy still show focal 18 F-FDG uptake after 1 or 2 cycles of chemotherapy that resolves with continued therapy (typically, 4 or 5 additional cycles of chemotherapy). In fact, studies have shown that patients with only mildly positive lesions after 2 cycles of chemotherapy have a significantly better prognosis than patients with more intensely hypermetabolic lesions (11, 15) . Defining this ''mild'' or ''moderate'' 18 F-FDG uptake by visual assessment alone is difficult. Of course, one can visually compare the intensity of tumor 18 18 F-FDG uptake by these organs should provide the optimum threshold value for differentiation of patients with a favorable and unfavorable outcome.
Because of these limitations of visual assessment of tumor response, there is considerable interest in using quantitative parameters for monitoring response to therapy in lymphoma patients (16) . Quantification of tumor 18 F-FDG uptake has the potential to provide less observer-dependent and less arbitrary criteria for a positive PET scan. In addition, it could capture more of the prognostic information of tumor metabolism, because 18 F-FDG uptake is measured as a continuous parameter and not as a binary (positive or negative) variable (14) . Several studies have measured maximum standardized uptake values (SUVs) after 2 cycles of chemotherapy and found that the intensity of tumor 18 F-FDG uptake at this time is correlated with patient outcome (8, 11) . However, there are also concerns that tumor SUVs may be confounded by multiple factors, such as lesion size, image reconstruction, start of data acquisition, and so forth. (17) . Although this is certainly correct, one should keep in mind that most of these factors will also affect visual assessment of tumor response. Because of partial-volume effects, smaller lesions will not only show lower SUVs on quantitative analysis but also appear less intense on visual assessment. Contrast between tumor and background will be lower when images are smoothed during reconstruction, whereas contrast will be higher when images are acquired later, because 18 F-FDG is cleared from the blood pool but retained by lymphoma cells. This will affect not only the measured SUVs but also visual assessment of 18 F-FDG uptake. Quantification of 18 F-FDG uptake by SUVs does, however, require some additional steps, such as a cross-calibration of the dose calibrator and the PET scanner as well as accurate measurement and decay correction of the injected dose (17) .
The study by Lin et al. (18) provides interesting data with regard to the usefulness of quantitative parameters for monitoring tumor response in patients with aggressive NHL. A strength of the study is the inclusion of a homogeneous and rather large group of patients with diffuse large B-cell lymphoma (DLBCL). Ninety-two patients with DLBCL were studied before and after 2 cycles of chemotherapy. Tumor response was assessed visually and by various quantitative parameters. The authors then addressed the following questions: (a) Do quantitative parameters provide additional information to visual assessment of tumor response? (b) Which quantitative parameter should be used (maximum SUV, mean SUV, or a tumor-to-background ratio)? (c) Should tumor response be assessed by measuring SUV changes (from the baseline to the follow-up scan) or by measuring SUV in the follow-up scan?
Lin et al. (18) find that quantification of tumor 18 F-FDG uptake can markedly improve the accuracy of 18 F-FDG PET for prediction of patient outcome. On visual assessment, 18 F-FDG PET scans were classified as positive in 34 patients. However, 17 of these patients remained event free during follow-up. Thus, the PPV of a positive 18 F-FDG PET scan for disease progression or relapse was only 50%. The NPV was 74%. When the assessment of tumor response was based on a quantitative analysis of 18 F-FDG uptake, the PPV increased up to 92%, without a change in the NPV. The optimum threshold value for prediction of event-free survival was a maximum SUV of 5.0. This is considerably higher than the typical 18 F-FDG uptake of liver (SUV of 2-3) and indicates that a subgroup of patients with clearly positive PET scans after 2 cycles of chemotherapy is characterized by a favorable prognosis after continued chemotherapy. It would be difficult to identify this subgroup by visual assessment, as this would require estimation of whether tumor 18 F-FDG uptake is 1.67-to 2.5-fold higher than liver 18 F-FDG uptake.
All of the studied quantitative parameters demonstrated a similar accuracy for prediction of progression-free survival, although there was a trend for a slightly lower accuracy for the tumorto-muscle ratio. This might be related to the fact that dividing tumor 18 F-FDG uptake by muscle 18 F-FDG uptake increases statistical noise, as muscle 18 F-FDG uptake is low in fasted patients (SUV , 1). Normalization of SUVs to body surface area did not improve the accuracy of 18 F-FDG PET, likely indicating that there were no major changes in patient body weight at the time of the follow-up PET scan. Maximum tumor SUV and mean SUV performed equally well for prediction of event-free survival. This is encouraging because maximum SUVs are easier to determine and less operator dependent than mean SUVs.
Relative changes in tumor SUV (from the pretherapeutic scan to the scan after 2 cycles of chemotherapy) predicted overall survival with an accuracy similar to that of tumor SUVs measured on the scan after 2 cycles of chemotherapy. This is an important observation because SUV changes are less dependent on differences in image reconstruction and postprocessing than absolute SUVs. Therefore, SUV changes represent a more robust parameter for multicenter trials involving PET scanners from different manufacturers (19) .
Finally, it is noteworthy that the authors used a straightforward approach to select lesions for quantitative analysis. 18 F-FDG uptake was measured for the lesion with the highest 18 F-FDG uptake in the baseline scan and the lesion with the highest 18 F-FDG uptake in the follow-up scan. In some cases this meant that a different lesion was analyzed in the follow-up than in the baseline scan. It is encouraging that this simple approach, which can be integrated easily into clinical practice, provided such a high accuracy for prediction of progression-free survival. Nevertheless, it will be interesting to evaluate in future studies whether the accuracy of 18 F-FDG PET can be further improved by averaging 18 F-FDG uptake over several lesions.
In conclusion, the study by Lin et al. (18) indicates that quantitative analysis of tumor 18 F-FDG uptake can be used to monitor tumor response to chemotherapy in patients with DLBCL. Furthermore, the study suggests that quantification of tumor 18 F-FDG uptake has the potential to improve the PPV of 18 F-FDG PET for disease progression. However, it is important to note that the quantitative criteria for monitoring tumor response were not defined prospectively by Lin et al. but were derived from the studied patient population. Therefore, this study may overestimate the accuracy of quantitative assessment of tumor 18 F-FDG uptake for prediction of progressionfree survival. Thus, future investigations are necessary to prospectively validate the quantitative response criteria identified in this study. Eventually, monitoring of tumor response should probably include a combination of quantitative analysis and visual assessment. Although objective criteria for tumor response could be based primarily on quantitative parameters, visual assessment would still be critical for diagnosis of tumor progression (development of new lesions) and for differentiation of lymphoma from benign causes of focal 18 F-FDG uptake, such as thymus hyperplasia. Visual assessment will also be important to check the plausibility of quantitative measurements-for example, by comparing the measured 18 F-FDG uptake of a lesion with the known 18 F-FDG uptake of normal organs. Thus, 18 F-FDG PET in lymphoma will likely become qualitative and quantitative.
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